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Min- burnoutseftityfactor(B@F) in a fuelassemblyis a fuactionof the
axialdtatributionof pot?erae wellas tots power a temperature~ andflow.
Axialpowerdistributionis expressedin reactorproblemsby valuesof
rektiveNwer at eachof 20 axiallayersas derivedfrom_ or~ data.
%eningfulrepresentationof the’eJKidpowerdistributionz by a singlefeotor
is destiableto rapidLyanalyzefuelpowerdata,andoptitizeoperatingfluz
ehapes.Empiricalfaetorp.whichhavebeenusedto qualitativelydefioef~

ronft~ Edtioom=m-to-averaga ratio S percentsaddleP fI.ettened
=~~-etc. - =e too.-e md tiPrectiein re~tionto B@F. A reliable
andconeisteotmeenrnis neededto communicatemoremeaningfulebapeinformation
amonginterestedpartiesin SRLandRe=tor TechnologyPhysicsandEngineering
gmps ..

a Calculattinsforthisworkweremadeby R. H. Stephensj SummerTechnical
~ployee inReactorTechnology.
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An @al shapeindex(NE) is developodw~ch representstheeffectof axial~ler
distributiononBOSFaccurate~em to predlatBOSFtithin25$ withgroes
ebangeab distribution.The indexis a a%mplefunctiomof the “n”and “m”
valuee(eee~oueeion) foranydistribution:

ASX * (n . m)m=

For constantconditionsof powers temperature,flowsandpreesure~BOSF in a fuel
assembly$e approxktely inverselyproportionalto theASX:

The imdexisweti becauee:

. it protideaa @htitattve relationshipbetweenB@F andawi~ power
distributionalone-“withoutreferenceto particularfielassemblyconditioss

. it is a s~ple functionof n andm valuei9,

. it i8 a moreaccurateindicatorOf theB~F - fot%tiehaperelCtiOhS~P
thenarerooftopratiosmaxti-to-aver~e ratio,or percentsaddle.

~

1$ i8 concludedthateithertheASX or the@n*irefluxshapebe documented?dth
calculatedor reported BOSF$value8S in caeeewhereaxialshapemaybe tipnrtant
to BOSF9md reactorpower(e.g.s SRLEngineeringandPhyeicsTechnical~uals
stiarta with-k IbsReactorTechnologyEngineeringandPhysic8memoranda$
projectionsof reactorwwer performancein advanceconceptualfueltype8and
casestudies=e by SRL - AOP). E ttisweredone~ apparentdiSCTepSOCie8can
be moreeasilyidentifiedandresolvedby allgroups.

~

me me~d usedat SRPto calculatetheapprouhto filmboilingin fuelor
-get assembliesinvolQe8theaxi~ powerdistributionof thepartitiarcomponent
in thereactorflu. Reactorfl~ shapesare8ubjectto considerablevariation
becauaeof controlrodconf%We=t%oneusedto meetde8%redoperatingobjectives.
me cal-ted m~gin fromfilmbo~ug variestiththe flu shapeamdcomwnent
power.but forshplificatbn most uotedperformancelevelsareonlydefined

tat omesetof operatingcoatitiomaoftenbaaedon tie‘@Qt convenientflux
ekw aveAMle to thecalculator).Thispracticeha8ledto comeconfusionin
identifyingdtiferencesin performanceleveland in incentivesnodgoalefor
~isl fluxshaping.It ie thepurposeof thi8studyto alarifytherealtionehip
betweenBdSFandmial fluxshapeaudto es$abli8ha meaning~ commonlan~e
forthoseinvolvedin fuelandtargetperformancecalculations.

9
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to opepati~
burnoutheat
equation:

heatflow-at ~y PO- h thenesably. Usingtheapp~cable
flmYccorrelet.ion(Reference1)~ ~~ is expreseedby thefollowi~

aesemblypower. pcu/hr .

!eem ehawnelvelocity at the burneutsite~ ft/aee

eaturatiente?e~ratureat thebwomt site$ %

plenweinlettemperature%

totaltemperaturec-e of fluidtithinaesembly~%

no-zeal localheatfluw

ewt?umulatedheat@neration
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% aeseas theeffeeton BOB% of a _ in a%ial~wer shape~ it haebeea~in
thepact* neoesseryto parforma omlatieBOSEcalculationforthe new
titrhtion andcompare-s BOSFvaluetitktheformer.As shownby ~tion A,
BOB~ %8 nota 8@le fiUOt&DOf xlandm.

Axa skm-

A e~le ~ empbicel~tton of n andm foranYgivenaw~ dl.atributionhesbeen
deve$opwd~ok provide8a good8p’prOXhtiOnof theeffeotof 8 changedawiti
distrfiutionon B~P’.The functionis celledtheA.winlSkapeMOW (ASX)@ 18
deftiedas fol&wa:

~~ . (n . m)-

Ae ehownby thesample b TableX* _ WW fluwdistributionie defined’by
20 value8of n% thenormali=dpowargenerationin eaeklayer.A valueof m Sor
eti ~r is c~eul.atedby ~ttin B. ~ ASX i8 the-innmI of theproduet8
of n endm overthe20 layers. Et IB alsoof iotere8tthatthepointof minti
BOSFis genarw at the“fid=cwr” o

V@ity of tkeWets WS.Sestebtitidby e~ti~ BOSF ‘sforseveralfuel
assemb~es-E a tidera~e of powers,temmraturea ~ end~WS9 andfor15
dtiferent~el distributions.T*le ~ chowstkeresgescoveredin,Wer and
tsmperatnre.Table~ ~%rate therangecoveredtiththe15 awititiatribntiona.

Representatimresulteof the-~tions areillustratedin F-e 1. BOB% was
celtited fore-h fw.elaeeemblyat typicelconditionsof power~ flnn~and
tamperatu foreaekadadat eachof the15 eJcialshapes.The correlationbetween
ASZ andB% %s wlt~n &out &, exceptforone&k V-Rcasetitha very
tireme - shape (perfeetly flat).

—-- .

* Zh@D~ti-1 Prosrw forthem 360cmter waeusedforB~F celeul.etions.
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Additional“confirmationof thevalidityof theASX is shownby datain Figure2
frowtik XIX-Aoperationin thetied Lattice- ThQ2progrsm.B~F~ was
calculatedforthel.imittigMarkXIX-AassembLyusingthemaximumchannel
temperaturesandappropriateaxialdistributiondata. Thereforej theonly cause
foranychancein thedifferencebetweentheoperatingpadefromtheChannel
EffluentandBNF~ limitsis a changein the awialdistribution.Thegood
correlationof thedifferentialpad andASI shownin Fl@e 2 indicates
vtidity of theASI in accountingfortheeffecton B~F of awlaldistribution.

1. “TechnicalManual- EffluentTemperatureandSurfaceHeatFluxLimitsfor
~el andTargetAssemblies”~ DPS~-l.lO$June19669preparedby W.H.Baker
(Secret).
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Tablem

~rature RaagesCoveredia Cdculattins

Zol.at
~~~

V-R 3 - 5.5 30”-40”

VI-E 3.5-6.5 300.450

X~-A 8 -11 30”- w

14 5 -8.5 300-450

~by - DiatributionaStudied

-/Qavg l.o = 1.5

m 0.5 - 2.2

Percent Saddle O - 7*

Q Saddledehapeastudieshadequalpetia;
~rcent eaddleie definedhareae:

1- rel.ativepollerat eitherMak
minti relativepowerbetmen peaka
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Figure1

(BmF)~ VersusASI
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AxialShapeIndex

Thesearenotnecessarilyat comparablereaotorconditionsforeachof the
fueltypesj so no inferencesh~ld be madeabouttheirrelativeB@FM’s.
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